Altered patterns of agonist-stimulated cAMP accumulation in cells expressing mutant beta 2-adrenergic receptors lacking phosphorylation sites.
As with many other receptor-effector systems, the responsiveness of the beta-adrenergic receptor (beta AR)/adenylyl cyclase system undergoes desensitization upon agonist exposure. Phosphorylations of the receptor by the cAMP-dependent protein kinase (protein kinase A) and the beta AR kinase appear to play roles in such desensitization phenomena, but the functional significance of the receptor phosphorylation in intact cells has not been previously assessed. In this study, we constructed and expressed in a mammalian fibroblast line the normal (wild type) human beta 2 AR and mutant forms of the receptor that lack the putative phosphorylation sites for these two protein kinases. The two consensus sequences for phosphorylation by protein kinase A were altered by changing serines 261, 262 and 345, 346 to alanines. In another mutant, the 11 serines and threonines at the carboxy terminus of the protein that constitute the putative beta AR kinase phosphorylation sites were changed to alanines or glycines. The mutated receptors did not differ from the wild type in their affinities for agonists or antagonists or in their ability to mediate agonist stimulation of adenylyl cyclase. Moreover, their levels of expression in the cultured cells were the same. When stimulated with the beta AR agonist isoproterenol, cells bearing either the wild type or mutant receptors generated cAMP at essentially identical rates for the first 2 min. Cells bearing wild type receptors then showed a rapid desensitization characterized by a markedly diminished rate of cAMP production after the first few minutes of stimulation. However, cells bearing either of the mutated forms of the receptor showed much less desensitization and continued to generate cAMP at a rate 3-4 times greater than that observed in cells expressing the wild type receptor. In contrast, intact cell cAMP levels stimulated by prostaglandin E1 and forskolin were not different between cells bearing wild type or mutant beta AR. These results suggest an important physiological role for phosphorylation of the beta AR in regulating rapid agonist-induced desensitization in intact cells.